through 2015. Prof. Sepahpour has been actively involved in the generation of design-oriented exercises and development of laboratory apparatus and experiments in the areas of mechanics of materials and dynamics of machinery for undergraduate engineering programs. He has advised on over forty (40) Senior Design Projects and his teams of students have received five (5) National Championships and three Best Design Awards. In the recent years, he has challenged himself with the creation of an effective methodology for successful Invention and Innovation. He was part of a 14 member multi-disciplinary team to design and create the "Society, Ethics, and Technology (SET)" course at TCNJ in 1994 and has taught multiple regular and Honors sections of this course since then. He is currently leading a multidisciplinary team of faculty from TCNJ's School of Engineering and the Department of Sociology for assessment of the Professional Formation of Engineers (PFE).
Introduction
The School of Engineering at The College of New Jersey (TCNJ) has embarked on significant curricular change to support students in developing skills for and robust identities as preprofessional and professional engineers, in order to increase persistence and diversify the graduating cohorts. The curriculum draws on TCNJ's context as a primarily undergraduate institution (PUI) with a strong liberal arts focus to broaden and deepen students' intellectual engagement. In interviews, students report they chose TCNJ because of the small class sizes (typically between 22 -28 students) and close contact with faculty such a setting affords.
TCNJ is an ideal venue to study the professional formation of engineers, as this project couples a rich assortment of cross-curricular interventions related to professional formation activities with an interdisciplinary research team. TCNJ's engineering curricula prepare students for professional formation and workplace learning; elements include a liberal arts education, a cocurricular sequence, and widespread internship and research experiences. Specific co-curricular and extracurricular interactions that are particular strengths in the TCNJ engineering curricula include: engineering-specific ethics lessons/case studies, lessons on professional licensure, interaction with alumni through a formal mentoring program, preparing for, taking, and results of the FE Exam, teaming experiences focused on solving open-ended engineering design problems, internship and/or undergraduate research experiences, attendance at technical seminars, career preparation including résumé preparation at various stages of undergraduate study, and level of involvement in a professional engineering organization or an organization, related to affinity groups (e.g., IEEE, ASME, ASCE, BMES, SAE, SWE, NSBE, TCNJ, Humanitarian Engineering, Robotics). Studying the relevance of these interventions to the professional formation of engineers has the strong potential to provide insight into the effectiveness of TCNJ's comprehensive approach.
Research has been conducted to understand the impact of various curricular innovations, engineering identity, and inclusivity for historically underrepresented groups (such as women, low income students, and men of color) on engineering persistence (Cech 2015; Foor & Walden 2009; Nadelson 2014; Pierrakos et al 2009) . To better understand the professional formation of engineers at PUIs, and better assess our curriculum within its liberal arts context, faculty from the School of Engineering partnered with two sociologists to develop an instrument to assess the professional formation of our students. The team was awarded an NSF grant to support this development (Sepahpour et al 2016) .
The team settled on a survey instrument due to this method's strengths: ability to see a snapshot of a larger population, comparability across timepoints and institutions, and relative low resource intensity to conduct. Because identity development and professionalization happen over time, we aimed to capture student data at several points: first year, juniors/seniors, and new/long-time alumni. In accordance with best practice, we use iterative design drawing on initial qualitative interviews with each of these groups. Qualitative interviews allow researchers to explore topics in depth in order to discover previously unknown factors. Thus, these interviews were important to understand factors pertinent to TCNJ's environment and student body. In the first grant year, we developed and validated an instrument appropriate for first year students. In the second grant year, we will develop and validate versions tailored to juniors/seniors and to alumni. In future research, we will use these instruments to assess our curriculum and aim to partner with other institutions to conduct comparative research in order to further specify the contribution of the PUI context.
Developing the First-Year Instrument
Prior to creating the survey instrument, we conducted face-to-face semi-structured interviews with students in their first semester as engineering students. Interviews generally took place on campus outside of the engineering building. All interviews were electronically recorded and professionally transcribed; interviews lasted from about a half hour to an hour. Respondents were selected through a purposive sample design, with 16 students identified by School of Engineering faculty as potential respondents, with an even number of: white/Asian males, white/Asian females, black/Latino males, black/Latina females. We were able to complete interviews with 11 of the 16, for a response rate of 68.75%.
After completing these interviews, we determined that we were nearing a saturation point with responses, and did not aggressively pursue replacement respondents. The semi-structured interviews asked students to describe their experiences in their first semester, in terms of their classes, social lives, work patterns, concerns, and experiences on campus. Transcripts were reviewed by no fewer than four people to identify patterns in the interviews. These patterns were then compared to published studies, and when possible, we replicated survey questions from these studies. Specifically, we used an index of Identification with Engineering from Jones et al (2010) , a self-assessment of math ability and an index of professional role confidence from Cech et al (2011) , and multiple items from the University of Pittsburgh School of Engineering Student Assessment System (Besterfield-Sacre 2005), organized into indexes of professional interest, engineering skills, and confidence in academic skills. In addition, based on recurring patterns in the interviews, we devised new measures of climate in engineering, time management, high school preparation, impressions of several elements of the first-year curriculum and preprofessional co-curricular sequence, personal characteristics, and differential experiences by gender, race, sexual orientation and financial situation. Appendix 1 contains a list of all items and how they are organized into indexes.
Conducting the pilot study
To validate the instrument's measures, we conducted a pilot study. The pilot survey was distributed electronically through an email invitation to the population of first-year students in the School of Engineering (N = 172). The initial invitation was followed that same day with an email from the Dean of Engineering, encouraging students to participate. Email reminders were sent to non-respondents at the following intervals: t+2days (n = 155), t + 7 days (n = 149), t + 9 days (n = 134); in addition, a final emailed request from the Dean was sent at t+10 days. Both the final reminder and the final Dean's message included the date when the survey would close (3 days after reminder, 2 days after Dean's message). In total, 58 students started surveys (response rate = 33.72%) and 55 completed surveys were recorded with Qualtrics software (response rate = 31.98%), although we received no more than 52 valid responses on any of the demographic questions and no more than 48 valid responses on the subject questions. Analysis of distributions of the responses also led to the removal of one case, who indicated the same answer on all subject questions.
From this pretest, we concluded the following about survey administration: (1) a representative sample of first-year engineering students is not likely to complete an electronic survey without incentives to do so; (2) there were no apparent barriers to electronic administration or the length of the survey, because the completion rate once started was 94.83%; and (3) the largest number of students completed the survey after the final reminder was sent and reinforced a day later with a message from the Dean (n = 20, compared with 17 after initial invitation, 6 after first reminder, and 12 after second reminder), suggesting that the deadline was a strong incentive to complete.
Our sample is comprised mainly of white, non-Hispanic males (see Table 1 ). Nearly one in five have a father who is an engineer, and more than one in four participated in a high school engineering or robotics club. They rate their own math skills "compared to an average person your age" as at least "above average." We have not determined how these characteristics match up with the population of first-year engineering students. However, the primary purpose of the pilot was to validate the instrument rather than collect representative data. 
Findings: Reliability of Measures
From this pretest, we have concluded that measures from previously published studies produced similarly valid measures based on a Cronbach's alpha score of 0.70 or above (see Table 2 ). In other words, our students appear to be comparable to other engineering students in terms of reporting their own identification with the engineering profession, professional confidence, professional attitudes, and self-assessment of engineering skills. As expected, the PSEAS items on academic skills did not cohere into an index (alpha = .279), but factor analysis (principal components analysis, VARIMAX rotation) of these items identified three inter-related skill sets loading onto three factors: math/physics/computer science; writing/speaking; and chemistry (See Table 3 ). Self-assessed engineering skills did not load cleanly on any factor. Factor 1, which comprises physics, calculus, and computer skills also had a high bivariate correlation with self-reported math ability (r = .616, p <.001), while neither of the other factors had a significant bivariate relationship with self-reported math ability. We find this pattern of self-assessed skill sets to be an important issue to examine in future research. In addition, several of our new indexes appeared to be reliable: general climate in engineering, reactions to a required, no-credit "Introduction to Engineering" course, reactions to a required course on "Fundamentals of Engineering", reactions to science correlate courses, and reactions to general education courses (see Table 4 ). Low numbers of respondents for the Fundamentals index result from the fact that only about half of first-year engineering students register for this course in their first semester; students who have not yet selected a major within engineering ("open-options" engineering) may not register for this course in the fall semester. Instead of Fundamentals of Engineering, about half of first-year engineering students complete an additional science correlate course in computer science during their first semester. It is not clear why so few students answered the questions in this matrix-students were least likely to provide a response to the item "My professors clearly convey the material in the [science correlate] courses" (n =27) and this item also had the lowest mean score. But no more than 39 students answered any of the items about science correlate classes, compared with 43-45 respondents for the seven items in the matrix that preceded it and 45 respondents for all five items in the matrix that followed it. Interviews with first-year students suggest that many of them were struggling with these classes, and this might explain some of their hesitancy to respond. This is also worth following up in future research. Students did not respond consistently to five questions asked about required pre-professional activities, such as attending "technical seminars," joining student chapters of professional organizations, and participating in networking and mentoring events. Participation in technical seminars and joining professional organizations had a significant bivariate correlation (r = .528, p < .001), as did student impressions of both junior/senior and alumni mentors (r = .511, p = .001). Informal mentoring by students further along in the engineering program was not significantly correlated with any of the other items.
We also recorded students' impressions on how gender, race/ethnicity, sexual orientation, and financial condition affected their experiences as engineering students. While we could not find systematic patterns based on attributes alone (e.g., gender, race/ethnicity), we found patterns in the way students answered that are consistent with emerging understanding of micro-inequalities (see Table 5 ). For example, students consistently responded in how other students and faculty in engineering treat them as well as whether they believe "I have enough money to purchase what I need to complete requirements in my classes." These items cohere into an index that we call Equality of Treatment. Experiencing discrimination on the basis of or being made aware of one's gender, race/ethnicity, sexual orientation, or financial status organized into an index of Unequal Treatment. How one's gender, race/ethnicity, sexual orientation, or financial status affected one's decision to major in engineering or is believed to affect one's experience as an engineering student are organized into an index of Sensitivity to Inequality. These indexes are highly intercorrelated, with Equality of Treatment being negatively correlated with both Unequal Treatment (r = -.507, p < .001) and Sensitivity to Inequality (r = .581, p < .001). The Unequal Treatment and Sensitivity to Inequality indexes were positively correlated (r = .646, p < .001). Further analysis finds that the indexes measuring Unequal Treatment and Sensitivity to Inequality may be combined into a single index, although there may be theoretical reasons for keeping them separate. Several items that we expected to cohere into indexes did not (see Table 6 ). We are continuing our investigation into why time management, high school preparation, and personal characteristics did not produce consistent results. 
Findings: Distributions of Measures
We created indexes based on the reliability measures indicated above. In all indexes, mean scores are calculated. To maximize responses, cases that are missing responses on any items in the index are assigned the mean for the items for which they did respond.
Virtually all of the indexes produced a normal or near-normal distribution of responses (see Table 7 ). Where outliers did occur in the distribution, we could find no discernable pattern to which cases were outliers across the indexes. 
Conclusion
Drawing on formative interviews, we created a robust survey instrument that can be deployed to understand the professional development of first-year engineering students. This methodology allowed us to first validate measures used by other scholars within a student population in a primarily undergraduate institution, rather than the more common R1 context. In addition to validating established measures, we developed new measures to understand the role of this different context, in particular, the liberal arts curriculum and specific curricular and cocurricular activities within engineering. These measures offer additional value for programs seeking to build PFE activities into their curricula, as they directly assess student reactions to common components of a holistic program in engineering. Beyond these contributions, our instrument also includes novel measures to further our understanding of how program climate affects student professional formation as engineers. Our analysis suggests that a student's perception of whether there is equal treatment and sensitivity to inequality better predicts professional formation than their individual demographic factors such as race, gender, sexual orientation, and/or class. Thus, these measures will allow programs and scholars to examine the need for and impact of diversity and inclusion efforts beyond simply the retention of underrepresented students. As our next steps, we will tailor this instrument to juniors/seniors and new/long-time alumni via a similar process of formative interviewing and pilot testing. By the end of this project, we will have a robust set of instruments for program assessment and primary research with professional and pre-professional engineers suitable for longitudinal comparison.
